The concluding volume will appear, we are led to hope, during the earlier half of the present year.
study, will not be satisfied with bringing together all the diverse forms which he encounters in his progress through the vertebrated sub-kingdom; but he will endeavour, by patient scrutiny and careful comparison, to form an ideal type of a vertebra, which shall include all the parts that seem essential to its structure, and of which he may consider the several forms that present themselves to his attention as variations, resulting from want of development, from excessive development, or even (in some instances) from multiplication of certain of the elements.
This search after the " typical vertebra" has been made by several distinguished comparative anatomists, especially Carus and Geoffroy St. Hilaire ; but the result of Professor Owen's inquiries is not precisely accordant with the conclusions of either of these distinguished physiologists, and seems to us much more satisfactory There is a vagueness about Carus's conception of a vertebra, which must be apparent to any one who attempts to follow out his interpretation of the bones of the extremities, in which he uses the term " vertebra" in a sense almost equivalent to that of the more general term "bone" or "segment;" whilst, on the other hand, Geoflroy St. Hilaire has founded his idea of the vertebrate structure too exclusively upon that form of it which is presented in the fish, and has consequently included in it some elements which it should not really embrace, whilst he has neglected others which form legitimate parts of the vertebra in other classes. In the invertebrata, accordingly, we find that the nervous system only receives the same amount of support and protection from the skeleton as the other tissues possess; for although it has been thought that certain internal projections of the dermo-skeleton of the insect and crustacean were specially adapted for this purpose, yet there is really no conformity between these and the number of ganglia, and they are so situated as to inclose the intercommunicating cords rather than the ganglia themselves ; so that, as Professor Owen very justly urges, they must be regarded as essentially destined for the attachment of muscles ; their relation to the nerve-trunks being accidental. On the other hand, the internal skeleton of the vertebrata, as we have seen, is essentially connected with the nervous system ; the support and protection of the nervous centres being obviously its primary purpose ; and the number of pieces of which the vertebral column (which constitutes its fundamental portion) is composed, being in constant relation with the number of pairs of nerves to be given off from the nervous axis. There is a similar relation between the functions of the nervous system, and those of the endo-and exo-skeletons respectively. When the powers of discerning hurtful agencies by the organs of sense, and of avoiding them by the use of the motor apparatus, are dull and contracted, the entire animal is protected by a hard insensible dermal armour; but as those powers become expanded and quickened, the body is disencumbered of its coat of mail, the skeleton is put inside and made subservient to muscidar activity, and the skin becomes proportionally (Fig. 2, n) formed above the centrum, for the lodgment of the trunk of the nervous system (neural axis) by the parts thence termed ' neurapophyses.' The second canal (Fig. 2, h ) below the centrum, is in its entire extent more irregular and interrupted; it lodges the central organ and large trunks of the vascular system (haemal axis), and is usually formed by the laminae, thence termed ' haemapophyses.' At the sides of the centrum, most commonly in the cervical region, a canal (Fig. 3, v) is circumscribed by the pleurapophysis or costal process (Fig. 3,  pi) , and by the diapophysis or upper or transverse process (Fig. 3, t) , which canal includes a vessel, and often also a nerve." (p. 43.) The mode in which these elements are arranged in the thoracic vertebrae of mammalia, will be seen by reverting to the first figure, in We shall presently find that the recognition of them in the cranial vertebrae of fishes conducts us, according to Professor Owen, to the true homology of the bones of the extremities.
The fact that the spines which support the dorsal fin, constituting a second row of greater or less extent above the true neural spines, belong to the dermo-skeleton, is extremely well seen in the sturgeons, which have a well-developed osseous endo-skeleton coexisting with a covering of hard enamelled calcareous plates; and to this tribe the philosophical anatomist finds it requisite to make frequent reference, for the determination of the parts that really belong to each division. Here we find the rays upon which the dorsal fin is supported, clearly developed from the dermal plates, which along the middle line of the back shoot upwards and backwards a moderately long spine. From the base of these dermal spines, other spines usually shoot downwards into the intervals of the neural spines; these inverted interneural spines, which are double in the flat-fish, appear to be regarded by Professor Owen as formed by the " vegetative repetition" of the neural spines themselves ; but we must take leave to question this determination, for it seems to us much more natural to consider them as portions of the dermo-skeleton passing inwards,?the manner in which they are intercalated among the true neural spines bearing a very strong resemblance to the reception of the fangs of the teeth into the alveolar processes of the jaw. It is not only in the back that we find these additional parts derived from the dermo-skeleton ; for just as in the framework of the dorsal fin we find interneural spines-and dermoneural spines, so in that of the anal fin we recognize interhsemal spines and dermohaemal spines. The framework of the caudal fin is composed of similar intercalary and dermal spines, superadded to the proper neural and haemal spines of the proper caudal vertebrae, which have coalesced and been shortened by absorption, in the progress of embryonic development, to form the base of the terminal fin. There is usually an exact correspondence in intimate structure, between these dermal spines and the real bones which support them; this conformity has been urged by Professor Agassiz as an argument against the possibility of drawing a valid distinction in such cases between the parts belonging to the neuro-skeleton and those which appertain to the dermal envelope. But Supra-temporals (Fig. IV, 71) ; Supra-orbitals (Ditto, 72); Sub-orbitals (Ditto, 73, 73'); Labials (Ditto, 74) ." (pp. 88-9.) We shall now examine each, of these divisions separately. In most osseous fishes, the bones encompassing, or in vertebral relation with, the epenceplialon, and thus forming the neural arch of the first or occipital vertebra, are six in number, as shown in Fig. V . These are called, in In the early condition of the latter, we find seven ossific centres; one for the basilar portion or body of the vertebra, two for the condyles or neurapopliyses, two below the crucial ridge for the parapopliyses, and two above for the triangular portion which forms the summit of the bone and represents the neural spine. The supra-occipital, its homologue in fishes, is itself divided by a median suture in the lepidosteus, showing that it is in like manner formed from two centres of ossification.
The neural arch of the second cranial vertebra surrounding the mesencephalon, is composed of seven bones, of which the parietal elements in the human cranium are the largest, hence this vertebra is termed the parietal vertebra. Its body or centrum is formed by the basi-sphenoid (Fig. VI, 5) ; its neurapophyses are the bones termed the ali-sphenoids ((i) ; its parapophyses are the mastoid bones (8) ; whilst its spine is formed by the pnrietals (7), which in the fish are comparatively small, in accordance with the small size of the encephalon, whose upper portion they are to protect. The names given to these bones sufficiently indicate the parts of the human cranium with which they are homologous. The basisphenoid is always united by continuous ossification with the pre-sphenoid (9), which is considered by Professor Owen as the centrum of the third or frontal vertebra; and the fact that the whole basi-pre-sphenoid is developed from a single centre of ossification is shown by him not to afford any sufficient objection to this homology, since many other cases exist in which bones that are elsewhere undoubtedly distinct, are in like manner repre- sented by a single bone developed from one ossifying centre. The elements of the occipital and parietal vertebrae are so formed as to leave a large cavity, or otocrane, for the lodgment of the proper acoustic capsule ; this cavity, which is analogous to the orbital cavity for the lodgment of the eye, is excavated in the ex-occipital, par-occipital, ali-sphenoid, and mastoid bones, with the addition in some instances of the parietal and supra-occipital. The acoustic capsule is either cartilaginous or osseous ; when in the latter state it is known as the petrosal bone; and although it coalesces with the elements of the neuro-skeleton in higher animals to form the temporal bone, yet we think that Professor Owen is perfectly justified in regarding it as in itself a portion of the splanchno-skeleton, like the sclerotic capsule of the eye.
The neural arch of the third or frontal vertebra, which surrounds the prosencephalon of fishes, has for its centrum (as already stated) the pre-sphenoid (Fig. V1J, 9) ; its neurapophyses are the orbito-sphenoids (10), whose essential functions are the protection of the sides of the prosencephalon, and the transmission of the optic nerve; the post-frontals (12) form its parapophyses ; whilst the frontal (11), which is oftener divided by a median suture than a single bone, obviously constitntes its spine. We thus see the exceedingly complex nature of the human sphenoid bone; since, independently of the pteregoid processes, whose representatives have not yet come before us, the upper portion entering into the walls of the cranial cavity is represented in the fish by the basi-pre-sphenoid, the ali-sphenoids, and the orbito-sphenoids, which enter into the composition of two distinct vertebrae.
All these are anchylosed into one bone in the polyp ter us.
The circle of bones which completes the axis of the skull anteriorly, and protects the olfactory ganglia, may be regarded as the neural arch of the fourth or nasal vertebra.
Its body, however strange this may appear to the mere anthropotomist, formed by the vomer (Fig. VIII, 13) ; which, instead of being a narrow plate that occupies scarcely any space on either side of the median plane, is here a broad thick bone, whose aspect presents no difficulty in its recognition as the centrum of a vertebra. The neurapophyses are formed by the prefrontals (14), which defend and support the olfactory prolongations of the cerebral axis, and bound the orbits anteriorly ; and the spine is formed by the nasal bone (15), which is usually (Fig. IV, 20) constitute the pleurapophyses, the maxillary (21) the haemapophyses, and the intermaxillary or premaxillary (22) (Fig. IV, 25 ), the meso-tympanics (26), the pre-tympanics (27) , and the hypo-tympanics (28) Owen's determinations, is that of the homology of the opercular bones which support the gill-cover. This series, made up of the pre-opercular (Fig. IY, 34 ), the opercidar (35), the sub-opercular (30), and the interopercular (37), is now regarded by him as the "diverging appendage" of the tympano-mandibular arch. Physiologists have long since repudiated the strange doctrine propounded by Geoffroy St. Hilaire of the identity of these large bones with the minute ossicula auditus of higher animals ; but their connexion with the proper elements of the cranium has always been doubtful; and the idea suggested long since by Professor Owen himself,? that these bones really belong to the dermo-skeleton?has been accepted by many distinguished anatomists. He has found, however, upon further inquiry, that this is not their true relation ; aud looking at the size and importance which these diverging appendages from the haemal arch elsewhere possess in the vertebral column of the fish, we have little doubt that his present view is the correct one.
The third inverted arch of the skull, the hyoidean, is the haemal arch of the parietal vertebra; being suspended (through the medium of the epitympanics) from the mastoid bones or parapopliyses. Like the preceding arch, it is usually composed of portions more numerous than the ordinary vertebral elements which they represent; the pleurapophyses being represented by the stylo-hyals (Fig. IY, 38) (Fig. IV, 44 Besides the cranial vertebrae with their various appendages, and the auditory, ophthalmic, and nasal sense-capsules, the skull even of the osseous fishes contains some bones that are referred by Professor Owen to the dermo-skeleton. The evidence for this homology is chiefly derived from the cranium of the sturgeon, in which the dermo-is much more fully developed than the neuro-skeleton ; and also from the fact that these bones are more especially connected with the mucous organs of the skin. They are those denominated the sub-orbital, the supra-orbital, and the supra-temporal. One of the sub-orbitals is folded upon itself in such a manner as 1847.] and Physiology of the Vertebrate Animals. 491 to form a mucous channel, which extends from the orbit to the nasal sac, and is obviously analogous to the lachrymal canal of higher vertebrata; hence it may be inferred that the lachrymal bone, which has the same position and connexions, has the same origin, being the only part of the dermo-skeleton which is ossified in man, unless the turbinate bones are to be regarded in the same light.
We should most gladly quote largely from Professor Owen's admirable remarks on the teleology of the skeleton of fishes, or the modifications it presents in conformity with the special conditions in which these animals are to exist. The whole plan of structure appears at first sight to be so different from that which prevails in higher vertebrata, that if we do not keep the necessity for these modifications steadily in view, we shall be continually baffled in our homological pursuit. We must content ourselves, however, with one extract.
"We must guard ourselves from inferring absolute superiority of structure from apparent complexity. The lower jaw of fishes might at first view seem more complex than that of man, because it consists of a greater number of pieces, each ramus being composed of two or three, and sometimes more, separate bones. But, by parity of reasoning, the dental system of that jaw might be regarded as more complex, because it supports often three times or ten times, perhaps fifty times the number of teeth which are found in the human jaw. We here perceive, however, only an illustration of the law of vegetative repetition as the character of inferior organisms; and we may view in the same light the multiplication of pieces of which the supporting pedicle of the jaw is composed in fishes. But the great size and double glenoid or trochlear articulation of that pedicle, are developments beyond and in advance of the condition of the bones supporting the lower jaw in mammalia, and relate both to the increase of the capacity of the mouth in fishes for the lodgment of the great hyoid and branchial apparatus, and to the support of the opercula or doors which open and close the branchial chambers. The division of the long tympanic pedicle of osseous fishes into several partlyoverlapping pieces adds to its strength, and by permitting a slight elastic bending of the whole diminishes the liability to fracture. The enormous size, moreover, of the tympano-mandibular arch, and of its diverging appendages, contributes to ensure that proportion of the head to the trunk which is best adapted for the progressive motion of the fish through the water. But, without the admission and appreciation of these pre-ordained adaptations to special exigencies in the skeleton of fishes, the superior strength and complex development of 
